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I, Otto Ehnst Hetnmch Kle?ipehee, 
a British Subject, usually known as Otto 
Klemperer, of 70, Syke Ings, Iver, 
Buckinghamshire, do hereby declare the 
5 nature of this invention to be as 
follows:—' 

The present invention relates to appa- 
ratus for measuring low gas pressure. 
Apparatus for measuring* low $as pres- 

10 sure down to iO -8 mm. mercury is known 
which includes an electron discharge 
device which is operated*" in the atmo- 
sphere of which the pressure is to be 
measured and which comprises a pair of 

16 cathodes for the emission of electrons and 
au anode for collecting electrons emitted 
from the cathodes, means being provided 
for establishing a strong magnetic field 
substantially perpendicular • to. the 

26 cathodes and to which the.anode presents 
a small collecting surface perpendicular 
to the direction of the field. In this 
arrangement electrons emitted from the 
cathodes are caused to travel along spiral 

26 paths from one cathode towards the 
other, the axes of the spirals being almost 
parallel to the lines of force in the mag- 
netic field, the/ electrons being reflected, 
repeatedly to and fro through the ma#- 

30 netic field before reaching the anode. In 
such apparatus the current between the 
cathodes, and anode in the electron dis- 
charge device affords an indication of the 
pressure of the gas in which the -device is 

36 immersed. Typical electrode arrange- 
ments in electron discharge • devices ■ 
; employed in apparatus of this kind are 
represented dia grammatically in Figures 
1<i, 16 and lc of the accompanying draw, 

40 ing, each of which figures shows the 
arrangement of electrodes in one form of 
device. 

In the form shown in Figure la. two 
plain disc-shaped cathodes C, and C s are 

45 disposed facing each other with the 
collecting anode A of cylindrical form 
represented in section surrounding them. 
A strong magnetic field is set up between 
the cathodes as indicated bv the arrow 11 

50 which is coincident with the axis* of the 
electrode system. This field is it*l 

•« necessarily absolutely uniform, but is 

[Price lh) 



approximately so. 

In the form shown in Figure lb a pair 
of annular cathodes C x and O a are 
employed with an anode A of rod form 
extending axially through the central 
apertures of the cathodes. In this case 
the magnetic field extends substantially 
parallel to the anode A. 

In the form shown in Figure lc the 
cathodes, C x and C a are similar .to those 
shown in Figure la. but the anode A is a 
simple ring disposed midway between the 
. cathodes. . * 

The object of the present invention is 
to provide improved apparatus' for 
measuring low gas pressure of the kind'ixi 
which an indication of the gas pressure 
may- be obtained by measuring . the cur- 
rent flowing between the cathode and 
anode of an electron discharge device, and 
which will afford an indication of gas 
pressure; below 10~* mm, mercury. 

According to one feature of the present 
invention, apparatus, for measuring low 
gas pressure is provided comprising an 
electron discharge device 1 adapted to be 
immersed in the atmosphere of which the 
pressure is to be measured, said device 
including, a cathode and an anode in 
which said anode is substantially com- 
pletely surrounded by said cathode so as 
to be well ghielded electrostatically by the 
cathode, and means for causing electrons 
to travel in long paths between said 
anode and said cathode *so. that sufficient 
ionisation takes place in said gas. to pro- 
duce a desired indicating current. 

In accordance with a further feature 
of the invention, apparatus for measuring 
low gas pressure is provided of the kind 
in which an electron discharge device is 
employed which is immersed in the atmo- 
sphere of which the pressure is to be 
measured and which comprises at least a 
cathode and an anode and means for caus- 
ing electrons to travel in long paths 
between said cathode and said anode, 
wherein an electrode, preferably said 
anode, is contaminated with or has a 
superficial coating of radio - active 
material so disposed that said material 
will come in contact with the atmosphere 
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^f^i* 116 Pressure is to be measured 
: r . \i heu : the apparatus is in use. 

In the preferred form of the invention 

* -n ^k°? e anungenient of which is 
0 illustrated in Figure 2 of the aeconipauv- 

- ^ ' W HjawMg, the anode A is of rod form 

- -coated with radio-actiye material such as 
. thorium oxide, and the cathode C coin- 

--prises Wo plain annular diaphttigm s * U 
10 and G 2 disposed about the anode in the 
manner illustrated in Figure 16 above 
but mounted one at each end of a cylin- 
drical. member of conducting material 
irhich. forms with the , annular dia- 
ls paraffnis; £ and C 2 a complete shield for 
the collecting portion of the rod anode 

In order to afford the desired indication 
of gas pressure the electrodes of Figure 2 

on wgLir^ 0 * 1 *? ^ mimer shown bl 
zu 3 of the accompanying drawing 

: , an envelope or tube T having S 

cytodrical bulb portion embracing the 

. cathode 0 and fed with, gas of which the 

pressure is to be measured through a tube 

0 x- ii 80lejl P\4 M is disposed substan- 
,< . tially oo^axially with the cathode C for 
providing an axial magnetic neld for 
causing electrons to traverse long paths 

- though, the gas in the manner described 
30 above. Jn operation the electron dis- 
,- : charge device is energised from a snitable 

high tension source JIT which' is con- 
nected to the anode A, through- a load 
resistance M, and a microammeter /xA may 

35 be iconnected in the cathode lead for 
* measuring the desired -current, ■ while a 
voltmeter K7, preferably reading in Idle* 
volts is provided for measuring the volt- 
age between theianode and cathode. 

40 When a discharge device of the* kind 
shown in Figure 2 is employed the shield- 
ing which, i* afforded by the .cathode 
eliminates- detriinental effects arising 
irom field disturbances due to electro- 

45 static charges which develop on the glass 
walls of the housing T (Figure 3) when 
the apparatus is in operation. Further- 
more any sputtering from the anode, 
which occurs during the operation of the 

60 device only serves to cause deposition of 
the metal on the .cathode .where it is quite 
harmless^ whereas, in the case where the 

V ? node A1 A * unshielded, sputtered metal 
from the anode is deposited on the glass 

50 wall of the envelope and there constitute* 
rn source of disturbance for the field within 

. *tne device. 

• • ft i? preferred to provide a solenoid for 
establishing a magnetic field within the 

80 devico rather than to employ a permanent 
: magnet arrnngement. intti the solenoid, 
current through the coil can b e - readily 
-switched off when it is not required to use 
. the apparatus for pressure' measurements 
f)5 so that the magnetic field, can be easily 



wiH .not interfere 
S + 38a ?' ly , ^\ ih tJle °P er ation of equip, 
meat to which the apparatus is connoted. 

th:\^Tl,f e ? e^^ed ' t ^t m ^ )lo y the device of 
int £+E Fl ff™» correspond- 70 

Figure 16, rather than to employ a 
device corresponding to such a type as 
that shown in Figure la or lc as it is 

3 s * \ a *** If; «re more sensitive in 
5 e « M * o{ fiuctuntions of the magnetic 
field than devices of the type shown in 
figure 16 and Figure 2. 

*" K t Wj? 1 .example of apparatus 80 
according, to tlie : invention, a . device of 
the form shown m Figure 2 was employed 
in which the cathode 0 consisted of a 
cylinder of ir (3.8 cm.) . diameter 
formed of Eureka » (Registered Trade 86 
M ™ tn two apertured diaphragms in 
its end 60 mm. apart, the apertures in the 
diaphragms being 6 mm. in diameter. - 
Ihe anode A was a tungsten wire of 1 mm 
diameter activated by being dipped' in 90 
thorium nitrate solution and waimed up 
gently so as to provide a thin radio-active 
coating of thorium oxide on the surface 
of the anode. This, device Tvas included 
m an arrangement of the f orin shown in 05 
Figure 3, wherein, the solenoid 31 was 
arranged to produce a field of about 260 
oersted along tlie axis of the device. The 
voltage applied to the anode A from the : " 
source HT. was in some oases as high as 100 
8 JS.V. Gas pressnre can be determined 
by observation of the reading uf the 
w micrQammeter /iA. . 

It is found that in apparatus for * 
measuring gas pressure including devices 105 ' 
.of the kind set forth above, if at least a 
part of one of the electrodes in the device 
has a portion contaminated or coated with 
radio-active material, said portion coming 
m contact with the atmosphere in which \ 
the device operates, it is found that the 
device can be put into operation in atmo- 
spheres m which the gas pressure is below ■ 

i "SIH ? e7 ? ui % much more rapidly 
and certainly than is the case when none ii* 
of the electrodes are so contaminated or 
fcoated. In the case of apparatus employ, 
mg a device having clean uucontaminated 
electrodes operating at gas pressures . 
below that mentioned, great difficulty 120 
may be experienced in causing the dis- 
charge to commence/ tho device some* 
times remaining quiescent while the oper- 
ating potentials are applied for periods of 
from five to ten minutes' duration at the 125 
end of which the discharge suddenly 
commences. This is, of course, objection, 
able in casc 3 where the apparatus is 
required, to give readings rapidly. Hotr. 
ever/ it one of the electrodes is contamin- 130 
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ated or coated with radio-active material 
in the manner suggested above, the radio, 
active material emits a or p rays con- 
tinuously, which ionise) the jras sufficiently 
5 eo that w*hen operating potentials are 
applied to the electrodes, t the device 

5 rimes with not more than a few seconds 
elay. ' ■ , ' • * - - 

In the apparatus described' in detail by 
10 way of illustration it was found that for 
small currents up to about 50 microamps 
the current passed .\Jby' the discharge 
through the device was proportional to 
the gas pressure in the device; for larger 
15 currents, however j~ it was found that, as 
the gas pressure increased, the current 
increased, rather-more rapidly than the 
gas pressure. ..Thus for practical use 
apparatus - according to the invention 
20 must be calibrated and a calibration curve, 
finished. A series of such curves can be 
provided for any . particular apparatus, 
the various curves, corresponding to vari- 
ous sensitivity ranges. 
25 Tn employing apparatus 'according to 
' the invention it has been found that when 
very high discharge currents are pro- 
duced § the device tends to absorb an 
appreciable amount of gas. the amount of 
30 absorption being uncontrollable. * Thus, 
it is preferred to operate the apparatus by 
* noting the anode voltage required to pro- 
duce a fixed small discharge current, for 
example. 10 microamps, and- the indica- 
35 tion of the meter KV is used to afford the 
indication of the gas pressure. Two 
typical calibration curves are shown by I 
and IT in Figure 4, in whicK anode volt- 
age is indicated vertically in kilovolts 
10 and gas pressure/ in ni,u mercury (that is 
mm. niercuryxlO-*), the absciss® for 
curve I being shown in the scnle above 



the curve and the abscisso? for cuive II 
being shown in the scale below the curve 
nil the scales being, logarithmic. The 45 
iorm of the curves I and II is represented 
with about 30 per cent, accuracy by the 

empirical formula p= where p is 

a(Y— bY . 
the pressure m/* of mercury, I is the cur* 
rent passed by the discharge • device in 50 
microamps, T is the anode voltage in ldlo- 
volts and a and b are. constants which for 
the particular example described above 
were found to be 2 and 1 respectively. 

The form of calibration curve was o5 
found to be little affected by changes in ' 
the diameter of the anode, the internal 
diameter of the diaphragms Cj and C s and 
the diameter of the cylinder Z or the 
strength of the magnetic field. 60 
r Apparatus according to the invention 
is particularly suitable for measuring the 
vacuum in a tube which is being 
exhausted and, unlike the McLeod gauge, 
it may be^employed to indicate vapour 65 
pressure as well as gas pressure. 

As compared with the hot filament- 
type of ionization gauges, gauges of the 
kind to which the /present invention 
relates appear to have the advantage of 70 
not needing careful degassing by baking 
or eddy-current heating of the electrodes. 
After being evacuated from atmospheric 
pressure, these gauges may be degassed 
sufficiently by running them for about a 75 
minute, in goqd. vacuum such as the 
vacuum to be measured with compara- 
tively large currents of about 1 mitliamp. 

Dated this 2nd day of February, 1042. 
• • F. W. OACKETT, : 

Chartered Patent Agent. 



. COMPLETE SPECIFICATION 

Improvements in or relating to Apparatus for Measuring Low 

Gas Pressure 



£* . < ! rro Kwnot Hkinkich Klempebku, 
80 a British Subject, utmallv known as Otto 
Klemperer, of 70, Syke Ings, Iver, 
Ihickinghiunsbire, do hereby declare the 
nature of this invention and in what 
manner the same is to be performed, io 
85 lu» particularly described and ascertained 
in and by the following statement: — 

The present invention relates to 
apparatus for measuring low gas 
pressure. 

90 Apparatus for measuring low gas pres- 
sure down to L0-* mm. mercury is 
known, see, for example. Patent Specifi 
cation No. 474,845, which includes an 



• ■ > T v.- 
electron-discharge device which ' is 
operated in the. atmosphere of which the 95 
pressure i s to be measured and which 
comprises a pair of electrodes which 
serve as cathodes for the emission of 
electrons and an electrode which serves 
as an anode for collecting electrons 10H 
emitted from the cathodes, means being 
provided for establishing a strong mag- 
netic field substantially perpendicular to 
the cathodes and to which the anode pre- 
sents a small collecting surface per* 105 
pendicular to the direction of the 
field. •• In this arrangement the cathode 
is heated by ionic bombardment was to 



cause the Emission of electrons therefrom 
the electrons emitted from the cathodes 
are caused to travel along helical paths 
from one cathode towards the other, the 

6 . axes of the helices being almost naraUel 
to the lines, of force in, the magnetic field, 
the electrons being reflected repeatedly 
to and fro through the magnetic field and 
- finally reaching the anode. In such 

10 apparatus . the current between the 
cathodes and anode in the electron- 
discharge device affords an indication of ■. 
the pressure, of the gas in which the 
device is immersed. Typical electrode 

15 arrangements in . electron-discharge 
devices employed in apparatus of this 
kind are represented diagrammaticaliy in 
Figures la, 1& and lo of . the drawing 

• accompanying ike Provisional Specifics 
20 tion. ■ 

~ In the f orm^slrown in Figure la, two 
plain disc-shaped cathodes d and 0 2 are 
disposed facing each other/ with, the 
collecting anode A of cylindrical form 

25 represented in section surcounding them. 
A strong magnetic field is set up between 
the cathodes as indicated by the arrow H 
which is coincident with, the axis, of the 
electrode . system. This -field is not 

80 necessarily absolutely uniform, . But is 
approximately so. . [ ' ' ' - ' • 

. In the form shown in Figure 16 a pair 
of annular cathodes C x and 0 3 are 
: employed with, an anode A of rocLform 
Ho extending axially through the central 
apertures of the cathodes. In this case 
the magnetic field" extends substantially 
parallel, to the anode A. 
In the form shown in Figure lc the 

40 cathodes C t and 0 2 are similar to those 
shown in. Figure la, but the anode A is 
a simple ring disposed midway between 

• the cathodes. In this case the magnetic 
field extends substantially axially of the. 

45 anode. 

The object of the present invention is 
to provide improved apparatus, which will 
afford an indication of gas pressure below 
10"" 5 mm. mercory. 

50 According to one feature of the pre- 
sent invention, apparatus for measuring 
low gas pressure is provided comprising 
an electron-discharge device adapted to 
be immersed in the gas of which the 

55 pressure is to be measured, said device 
including a first electrode capable of 
serving as a cathode and a second 
elertrodo capable of serving as an anode 
and means for causing electrons to 

GO travel in long paths between said first 
" electrode and said second electrode so 
that sufficient ionisation takes place in 
said gas to produce a desired indicating 
current, said first electrode being in the 

65 form of a substantially closed shell and 




said second electrode extending within 
said shell so that the space in wJiich said 
ionisation is produced is electrostatically 
shielded by said first electrode. 

In accordance with a farther feature of 70 
the invention, - apparatus ''for measuring 
low gas (pressure is provided of the']$ind 
in wnich an elecfron^discharge device is 
enrployed which is adapted -to... be im- 
mersed in the gas- of which the ^pressure 75 
ia to be measured, eaid device including 
a 'first electrode capable of serving as a 
cathode and a second electrode capable of 
serving as an anode and means for caus- 
ing electrons to travel iu long,patiha r^L($0 
tween said first electrode and said second^ 
electrode far producing sufficient ion- 
isation in said gas. to afford said indicat- 
ing currents, said device having radio- 
active material so disposed that radiation 85 
from «aid material will enter tike space 
within which said ionisation takes place. 

In order that "the .invention "may be . ? 
clearly understood and readily carried 
into .effect, the same will now be more go 
. fully described with reference by way of 
example to. Figures; 2, 3 and 4 of the 
drawing accompanving the Provisional 
Specification wnerein : 7-2 

Figure 2 is a diagrammatio representa- 95 - ~ 
tion of an improved electrode arrange- •> 
meat in accordance with the •present in- ' 
vention; • " ^ iv i 

Figure 3 is a diagrammatic representa- . . 
vision of the electrical circuit of apparatus 100 
according fo the invention; and - v 

Figure 4 ehowjs characteristic curves % 
obtained in operating the apparatus form- ... 
ing the subject of Figure 3; and. refer- 
ence will also (be made to the accompany- 105 
ing drawing of wihich, the Figures , are 
numbered 5, 6 and 7 tfor convenience and . 
each, show a suitable electric circuit 
arrangement for use with, apparatus in ; ^ 
accordance with the present invention, no " 

In the electrode arrangement illus- 
trated in Figure 2 of the drawing accom- 
panying the Provisional Specification, 
the electrode A wihich serves as the anode 
is of rod form and the electrode 0 which 115 
serves as the cathode comprises two plain 
annular diaphragms C x and 0 ? disposed 
about the anode m the manner illustrated 
in Figure 15 above, but mounted one at 
each end of a cylindrical member Z of 120 
conducting material which forms with 
the annular, diaphragms O, and C 3 a 
complete shield for the collecting por- 
tion of the anode A. The anode A is 
coated with radio-active material such as 125 
. thorium oxide. 

^ In order to afford the desired indica- 
tion of gas pressure the electrodes of • 
Figure 2 may be set up in the manner 
shown in Figure 3 of the drawing acconi- 180 



panying the Provisional Specification 
within an enyelope or tube T having a 
cylindrical bulb portion wdiich embraced 
the cathode C and is connected with the 

5 space in which the gas pressure is to be 
measured through, a tube V. A solenoid 
M ie disposed substantially co-axially 
with the cathode 0 for providing an axial 
magnetic field for causing- electrons to 

10 traverse long paths through the gas in 
the munner described above.' The anode 
A is connected through a load resistance 
to the positive pole of u high tension 
source H.T., the negative pole of which 

L5 is earthed, the cathode C is earthed, and 
a microammeter/iA maybe connected in the 
cathode lead for measuring the desired 
current, while a voltmeter KY, prefer- 
ably reading in kilovolts, js provided for 

20 measuring the voltage between the anode 
and cathode. 

When a discharge device of the kind 
shown in Figure 2 is employed the 
shielding which is afforded by the 

26 cathode eliminates detrimental effects 
arising from field disturbances due to 
electrostatic charges which develop on the 
glass walls of the housing J (Figure 3) 
when the apparatus is in operation. 

30 Furthermore, any sputtering from, the 
anode, which occurs during the operation 
of tflio device only serves to cause deposi- 
tion of the metal on the cathode where it 
is quite harmless, whereas in thej case 

35 where the anode A i« unshielded, 
sputtered metal - from the anode is 
deposited on the glass wall of the envelope 
and there constitutes a source of disturb- 
ance for the field -within the device. 

40 It is. preferred to provide a solenoid for 
establishing a magnetic field within the 
device rather than to employ a per- 
manent magnet arrangement, because 
with the solenoid, current through the 

45 coil can be readily switched off when it 
is not required to use the apparatus for 
pressure measurements. Thus the mag- 
netic field can be easily removed at will, 
and will not interfere unnecessarily with 

50 the operation of equipment to which the 
apparatus is connected. 

It is preferred to. employ the device of 
the form shown in Figure 2, correspond- 
ing to the known type of device shown in 

66 Figure lb, rather than to employ a device 
corresponding to a typ*> such as that 
shown in Figure 1//. or lc, ».< it is found 
' that* devices of the form shown iu Figures 
la and lc are more sensitive in respect of 

60 fluctuations of the magnetic field than 
devices of the type shown in Figure l/> 
and Figure ?. 

In a typical -example of apparatus 
according to the invention, a device of i lie 

06 form shown in Figure *2 was employed in 



which the * cathode C consisted of a 
cylinder of 3.8 cm. diameter formed of 
11 Eureka Blistered Trade Mark, with 
two apertured diaphragms in its ei *d 
GO mm. apart, the apertures in the dia- 70 
jphrugms being 6 mm. in diameter. The 
anode A was a .tungsten wire of 1 mm. 
diameter activated by being dipped in 
thorium nitrate solution and warmed up 
gently so as to provide a thin radio-active 75 
coating of thorium cxide on the surface of 
the anode. This device was included iu 
an nxTangoment of the fomi shown in 
Figure 3, whe<reiu the solenoid IT was 
arranged to produce a field of about 260 80 
oersted alonjr the axis o£ the? device. The ' 
voltage applied to the anode & from tlie 
sonrce HT was in some cases as high as t 
8 KY. Gas. pressure can, be determined 1 
"by observation of the reading of the micro. 1 8& 
ammeter /iA. F 

It is found that if at least a part of 
one of the electrodes an the device has a 
portion within $ie space in which ion- 
isation occurs contaminated or coated with 90 
radioactive material., the device can be 
put into operation in atmospheres in 
which the gas pressure is below 10" a mm. 
mercury much more rapidly and certainly 
than is the case when none of the elec- 95 
trodee are so contaminated or coated. For 
example, in the case of apparatus employ- 
ing a device having clean uncontaniinated 
electrodes operatiug at gas -pressure* 
below that "mentioned, great difficulty 100 
may be experienced in causing? the dis- 
charge to commence, the . device some- 
times remaining quiescent while- the 
operating potentials are applied- for 
periods of from five to ten minutes' 105 
duration, at the end of which the dis- 
charge suddenly commences. This is, of ? 
course, objectionable in cases where the 
apparatus ;s required to give readings 
rapidly. However, if one of the electrodes 110 
is contaminated or coated with radio- 
active material in the manner suggested 
above, the radio-active material emits* or 
0 rays contiivuoualy, and these rays ionise 
the ga?» sufficiently so tbat when operat- H5 
iug potential* are apidied to the electrodes, 
the device mimes with not more than a 
few seconds' delay. 

Iu the apparatus described in detail by 
way of illustration iJ'Miis found that for 120 
small current* up to" about oO niicronmps 
the current passed* by the" discharge 
through vlui cWiee wn:< proportional, to 
the gas pressure in the device; for larger 
currents, however, it was found tbat, as 125 
the gas pressure increased, the current in- 
creased rather more' rapidly than I he gas. 
pressure. Thus for practical u^e appa- 
ratus according to the iuventiou must he 
calibrated and a calibration curve 130 
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furnished. A series <rfj auch curves, can be 
provided for. any particular apparatus, 
tihe various, curves* corresponding to 
various sensitivity ranges, 
5 In employing apparatus according to 
the invention it has beeii found that when 
very high discharge currents are produced 
the device tends to absorb an appreciable 
amount of gas> the amount of absorption 

10 being* uncontrollable. Thus, it is pre- 
-f erred to operate the apparatus' by noting 
the anode voltage required to produce a 
'fixed small discharge current, for 
example. 10 microamps, and the indica- 

1,6 tion of me meter. ET is used to afford t>he 

* x indication q£ the • gas* pressure. Two 
typical calibration curves are shown by I 
and II in. Itigure 4, in which' anode volt- 
age is indicated vertically in Mlovolts 

20 and gas pressure in /anins. mercury (that 
is mms. mercury x 10~ 8 ) is indicatea hori. 
zontaUy, the abscissae for curve I being 
shown din the scale above the curve .and 
"the a/bsoiesse for curve. H being shown in 

26 tie scale 'below the curve, all ^he scales 
being, logparithjoic*. The- form of the 
curves I and, II is represented with about * 

i 30 per cent/, accuracy by the empirical 
' v? >. I " * • ✓ 

formula ' p— — , where p is the 

30 presstire in /unms. of 'mercury, I' is the 
currenjfj passed by the discharge device in 

~~ tnicroanrps, V ig'the anode voltage in 
kilovolts and a and b are constants, which - 
for the paxtioular example describe above 

35 were found to be 2 and 1 respectively. 
The- form jof the calibration curve was 
found to be little affected by changes in 
the diameter of the anode, the internal 
diameter of the diaphragms 0! and C a ' and 
the diameter of the cylinder Z or the 
. strength of tihe magnetic field. 

Apparatus according to the invention 
* is ^particularly suitable for measuring the 
vacuum in a tube which is.being exhausted 

45 and, unlike the MoLeod gauge, it may be . 
employed fo indicate vapour pressure as 
wefi as gas pressure*. 

As. compared withi the) hot filament- 
type of ioriisation gauge, gauges of the 

50 kind to which the present invention 
relates appear to have the advantage^ of 
not needing careful 5 degasing by baking 
or eddy-current beating of tjhe electrodes. 
After being' evacuated from atmospheric 

56 pressure, these gauges may be degased 
.sufficiently by running' them for about a 
minute iii good vacuum such as the 
vacuum to be measured with compara- 
tively large currents ot about 1 luilHauip* 

60 The arrangement illustrated in Figure 
3 has. the disadvantage that the uuem- 
ammetev /*A is arranged in the catluwle 
circuit of the pressure measuring device. 



Aa Hhds is fed from a very high voltage 
source, the microammeter. is liable to- be 
subject to excessive voltage and be burnt 
out. Accordingly it is preferred to 
^Ifloyj in conjunction with a measuring 
device in accordance with the invention, 
measuring or indicating circuits; such, as 
those shown in Inures 5/6. and 7 of 
the accompanying, drawing, in which, the 
microammeter is replaced by a cheaperand 
more robust miUiammeiar which is 'pro- 
tected from excessive voltages or in which 
a current reading instrument is dispensed 
with completely. 

In the circuit illustrated in Mgure 5 
of the drawing the anode of the device 
according- to tie indention is connected 
directly to the positive pole of the Hugh 
tension source which, is not shown, but 
whidh is represented 'by the plus sign in 
the drawing, the cathode Q$ the device 
being connected to earth through a high 
resistance H" of 5. megohms and "the load, 
resistance H which may have, for 
example, a. resistance of 100,000 *>, Tlie 
resistance N is provided for safety. The 
junction, of resistances 3T and E is con- 
nected to lie control cathode of a 
vaxiable-mu valve Y lt in the cathode lead 
of which) the mictroainmetex mA is con- 
nected. The anode of the" valve Y\ is con., 
nected tQ a source of positive potential 
through a suitable load resistance and 
may.Jbe provided with a suitable grid- 
biasing arrangement, net sl^own in the 
drawing. With the arrangement* of 
Figure 5, if the measui*ing device AC is 
jQtperated at constant voltage the whole 
range of gas. pressures between about 10~* 
and 10~ 6 mm. mercury can be read on the 
scale of the milliammeter mi. and the 
aiTangement can be used for affording a 
rapid indication of the state of the 
vacuum to be measured. 

In the arrangement shown in I^gure G 
the circuit of the device AC is similar to 
that shown in ITigure 5^ but the load 
resistance It. is given a higher value, for 
example, it may be of the or.der of a 
megohm and the cathode C is connected 
through resistance S of the order of a 
megohm, provided for safety reasons, to 
the control-grid of a high, slope triode 
valve V 3 of which the cathode lead 
includes a milliammeter mA in series with 
an adjustable load resistance E 3 of 
10,000 ohms approximately. 

It will foe seen that in the arrangement 
of Figure 6 the valve V a is connected so 
aa to operate as a cathode follower valve. 
Thus the potential of the cathode of valve 
Y a will follow that of the c'ontro] grid of 
the valve and will be substantially the 
same as that of the junction of resistance 
N and resistance B. The current through 
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resistance, B a and niilliaonineter niA will 
thus be substantially proportional to but 
many times larger' than the current 
through the measuring device AC* To 
& afford an indication of the desired 
vacuum it is preferred to provide a volt- . 
meter such as KV in Figure 3 for indicat. 
ing the voltage across the measuring 
device, this voltage being adjusted ^ till 

10 the milliammeter mA gives the partinlar 
indication corresponding .to a current of 
10 microamperes through the device. 
Thi9 arrangement is preferably ' first 
calibrated with a microammeter. corre- 

15 sponding to the microammeter /iA of 
Figure 3 in series with the ^device AC, 
the microammeter * being 1 "subsequently 
removed from circuit. - 
If -desired, the current measuring 

20 instrument mA of Figure 6 may be dis- 
pensed with and a visual indicator, em- 
ployed instead as dhown in Figure 7. In* 
this case the cathode 0 .of the device AO 
is connected through a large protective 

26 resistance S, again of the order of a 
megohm, to the grid cr£ a triode valve V», 
the anode of which is' connected to a* 
source; of positive potential of the order 
of, for. example, 200 volts^ through an 

30 anode load resistance R x which may be of 
100,000 ohms- Connected between the 
anode of valve V 3 and earth is a potenti- 
ometer resistance P, wikich may be of the 
order of 4 megohms. The visual indicator 

35 ME, which may^ iba a visual tuning 
indicator of the land known as a " Magic 
Eye such as is described, for example, 
in specification No. 481,790, is connected 
to a tapping on the potentiometer 

40 resistance P/tne tapping being arranged 
so that the annular luminous, pattern on 
the device ME just closes when the current 
through the igauge AC has a particular 
value, for example, 6 microamps, and the 

45 pressure is determined by measuring 
the voltage across the gauge AO when the 
pattern on the indicator ME just closes. 
It is preferred to operate the device- ME 

^ * to cause the pattern just to close wneu the 

50 desired current is passing through the 
gauge rather, than to cause the pattern to 
contract a$ it normally does to afford a 
resonance indication in a radio receiver, 
since a more critical adjustment can be 

65 obtuined wjien the pattern is. caused to 
close. As' in the case o£ the urrangement 
of Figure 6, the arrangement of Impure 
7 should be calibrated with a nucro- 
ammeter in series, with the device AC, and 
60 a jack J may be; provided to enable the 
microammeter to be inserted in the circuit 
whenever it is desired to do so for the pur- 
pose of recalihratiou. Furthermore, in 
' the arrangement of Figure 7 no voltmeter 

65 surli as TCY of Figure 0 is provided for 



me.aeuring the voltage across the device 
AC, but the current for the device, is fed 
from a high voltage source PU, the 
primary circuit of which may include, for. 
example, the primary winding of a trans. 70 
former of -appropriate step-up ratio, and 
the ' voltage applied to . this circuit is 
derived from a potentiometer IP of which 
the position of the slider is observed 
against a scale wihich may be calibrated 75 
to indicate directly gas pressure .in the • 
gauge in mm, mercury. Preferably the 
potentiometer IP is so wound or. otherwise 
.formed that at low voltages, the rate of 
voltage variation with' movement; of the 80 
slider is less than at. high voltages. The 
power unit PU may be fed from a suit- 
able mains supply SO, the voltages or the 
tapping of potentiometer IP . thus, being 
quite low:. 85 

With the arrangement of Figure. 7 it 
may be necessary to check the calibration 
of potentiometer IP from time to time and 
this may . be done by inserting the micro- 
ammeter. in the jack J- The slider on 90 
potentiometer IP is. then adjusted so that 
when indicator ME affords . the desired 
indication, the position bif sUder on 
potentiometer IP indicates a gas -pressure 
corresponding to a known gas pressure in 95 
the device AO- ' 

I am aware that in the specification of 
Patent No. 474,845 apparatus including 
a device of the form shown in Figure lo • 
of the drawing accompanying the Pro- 100 
visional Specification, of' the .present 
application, is described in detail and it 
is stated in the.jxrior specification that a 
device can be employed, having co-axial 
cylindrical electrodes. However, in the ^ 
prior -patent specification it is not sug- 
gested that the cathode should surround 
"the anode, neither is it suggested that the 
cathode snould be in the forni of a sub- 
stantially closed shell. 

I am also aware that in patent specifica- 
tion No. 49.3,274 which is a patent of 
addition to Patent No. 47.4,845 tlie 
cathode of the device consists 4 "at least 
partly of thorium or zirconium. ' This is 115 
said to increase the sensitivity of the 
apparatus and make the cathode ignite 
more easily. It is to be understood that 
in the present case claim 2 is to be read 
as excluding apparatus huving a cathode 120 
formed ■ wholly or partly -of thorium or 
zirconium. 

Having now particularly described aud 
ascertained the nature of my said inven- 
tion, and in what manner the same is to 125 
be performed, I declare that what I- 
claim is: — 

1.- Apparatus for measuring low gas 
pressure comprising an electron-dis ( .harge 
device, adapted In ho immersed in the gas ISO 
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of which the pressure is to be measured, 
said device including a first electrode 
capable, of serving an a cathode ' and a 
second electrode capable of serving as an 
5 anode and means f qi- causing electrons, to 
travel in long paths between said first 
electno.de and said second electrode for 
producing: ionisation in said gas to afford 
an indicating current, said first electrode 

10 being in tne form of a substantially - 
closed shell and said second electrode 
extending within *aid shell so that the 
space in which said ionisation is produced 
is electrostatically shielded by said first 

16 electrode. 

2. Apparatus for measuring low gas 
pressure comprising an electron-discharge, 
device adapted to be immersed in the gas 
of wjhich the pressrure is to be measured, 

20 said device including a first electrode 
capable of serving as a cathode and" a 
second electrode cagmble of serving as; an 
anode and means for. causing electrons to 
travel in long paths between said first 

25 electrode and said second electrode for 
producing ionisation in said gas; to afford 
an indicating current, said device having 
radio-active material so disposed that 
radiation frpin said material will enter the 

30 space witjhin which, said ionisation takes 
place. 

3. Apparatus according to Claim 1 
or 2, wherein said first electrode is of 
cylindrical form having its ends substan- 

35 tially closed by two diaphragms said 
second electrode extending within said 
first electrode co-asiallv therewith. 

4. Apparatus* according to any of the 
preceding claims,. including an "indicat- 



ing device for indicating the current 4( 
through; sard device and arranged so as 
not to be traversed by said current. 

q. Apparatus according to Claim 4, 
wherein &aid indicating device is con- 
nected in the output circuit of an electron- a 
discharge device which, is arranged to 
res-pond to said currrent. 

G. Apparatus according to Claim 4 or 
5, wherein said indicating device is 
capable of affording a particular indica- 5 
tion when said current is of a predeter- 
mined value and indicating means are 
provided for affording an indication * 
related to the voltage applied between said 
first electrode and- said second electrode, 51 
said indicating means, 'being arranged to 
be adjusted tp vary said voltage? to cause 
said indicating device; to afford said par- 
ticular indication which is independent of 
the gas pressure, the setting of said 5 
indicating means, when so adjusted then 
affording an indication of the pressure to 
be measured. 

7. Apparatus according to Claim G, 
wherein said indicating device is an $ 
indicator of t]he magic eye type. 

S. Apparatus for measuring low gas 
pressure substantially' as herein described 
with reference to and. as sbown in Figures 
2 and 3 of the drawing accompanying the 7i 
Provisional Specification said apparatus 
including if desired an indicating' circuit ■ 
substantially as herein described with 
reference to Figure 0. G or 7 of the accom- 
panying 1 drawing. 7. 

Dated this 29tli dav of January, 
F. W. CACKETT, * 
Chartered Patent Agent. 
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